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H P L C ,还存在不足之处，因此，建立简单，快速，准确的甜菊苷定量方法对于 
甜菊苷的生产和应用都具有极其重要的意义。
本研究利用高碘酸纳法将甜菊苷（S T ) 分别与人血清白蛋白（HSA) 和牛 
血清白蛋白（B S A )进行偶联，成功制备了免疫抗原和包被抗原，经 MALDI-TOF 
M S鉴定得 HSA，B SA上分别挂 13, 8 个 ST。釆用常规免疫和加强免疫相结合 
的方法，免疫 Bal b /C 小鼠。将免疫后的血清效价达到 1: 16000以上的Bal b/C 
小鼠取脾细胞与Sp2 /0细胞融合、筛选和克隆化，获得一株能稳定分泌抗S T 的 
单克隆抗体杂交瘤细胞。将杂交瘤细胞注入小鼠腹腔诱生腹水，以 Protein G 亲 
和层析柱分离纯化单克隆抗体。所制备的单克隆抗体的性质测定结果显示： ST 
标准品对所制备的抗体的半数抑制率（IC 50 )为 3.77 ng/mL；单抗与 Rebaudioside 
A 的交叉反应率为 7 .3 0 % ,与其它结构类似物不存在交叉反应；亲和常数为 6.86 
Xl(T12m o l/L ,属于高亲和力抗体。将单抗应用于建立S T 的间接竞争ELISA检 
测方法，检测条件优化后，获得了以 S T浓度梯度和各自的反应O D值拟合出的 
标准曲线，其回归方程为 y=0.80354367-0.218946191nx,相关系数 r 为 0.992。对 
2 4个甜菊叶提取液样品中S T含量进行检测，检测结果与 HPLC法检测结果基本 


















Stevioside, as the major sweet ingredient of Stevia rebaudiana, is a new kind of 
natural high sweetness, low-calorie and high safety sweetener, which has 
physiological functions including anti-hyperglycemia and anti-diabetes. It’s also can 
be used as improving the tastes of medicine. Its stable chemical and physical 
properties and non-fermentability lead to long shelf life and widely using in food and 
medicine. Currently, the extractive technique of stevioside is increasingly perfect, but 
the techniques used to quantify the content of stevioside have not been developed well, 
and we mainly use HPLC, which has its own defect. So it’s significant to develop a 
simple, rapid and accurate determination method applied in production and 
application of stevioside.
This work mainly includes: ST was conjugated to HSA and BSA by the sodium 
periodates oxidation method respectively, so that immune antigen and coating antigen 
were successively obtained; The hapten number of each was determined to be thirteen 
and eight, respectively, by MALDI-TOF MS; The Bal b/C mice were immunited with 
artificial ST-HSA; Spleen cells from the immuned mouse were fused with cells Sp2/0 
by routine method; The positive cell lines that secret anti-ST MAb were selected by 
ELISA; After three times cloning, one hybridoma cell line was obtained; The obtained 
hybridoma cells were injected into mice’s abdominal cavity to induce the production 
of anti-ST MAb, which was then purified by protein G; Through testing, we have 
known the characteristics of the anti-ST MAb as follows: The IC50 (the half 
inhibition rate) for anti-ST MAb was 3.77 ng/mL; The cross-reactivity ration of 
anti-ST MAb against rebaudioside A is 7.30%，and there were no cross reactions 
between the anti-ST MAb and other several selected ST chemical analogs; The 
affinity constant of anti-ST MAb was 6.86><10"12 mol/L, showing its high affinity. 
Finally, indirect competitive ELISA method was established to quantify ST from 24 
samples of extracting solution from Stevia rebaudiana. After optimizing the testing 
conditions, we established the standard curve between concentration gradients of ST 














correlation coefficient was 0.992. The results of the ELISA and HPLC detection were 
in high agreement. This indicated that the anti-ST MAb could be used in the testing of 
concentration of ST effectively by indirect competitive ELISA, and provided the 
reference of establishing a rapid method to quantify ST.
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第 一 章 前 言 （Preface)
第 一 章 前 言  
1 甜菊苷的研究概况
甜 叶 菊 (Bertoni) H e m s L ) ,又名“甜菊”、“甜草”，原产南 
美，属菊属菊科多年生草本植物（见 图 1 - 1 ) ,含 154种以上，但具有甜味的仅甜 
叶菊一种 [1]。四百年前，南美居民将就将甜菊提取物用作甜味剂和传统药物[2]。 
甜 菊 苷 （stevioside，简 称 S T )是甜叶菊的主要甜味成份，具有高甜度、低热量、 
无毒、无副作用等特点，同时具有一定的药理作用，对高血压、糖尿病、肥胖症、 
冠心病、小儿龋齿等病症有很好疗效 [3]。甜菊苷是一种安全的食品甜味剂，已经 




图 1 - 1 甜叶菊和干燥的甜菊叶 
Fig.1-1 Stevia rebaudiana Bertoi and  its dry  leaves
1 .1 甜叶菊的起源及其生长特性
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温性，种子萌发的最适温度为20 -25°C ,营养生长期温度也要求22°C以上，开花 
的最适温度为18-22°C。甜叶菊属感光性强的短日照植物，临界夜长大于 12h。长 




人们进行了人工苗圃栽培试验，1 9 6 4年巴拉圭开始甜叶菊的大田移植驯化并取 






境及其基因型而异 [8]。含量高、且有经济价值的糖甙体有ST、Rebaudioside A (简 
称 RA )、Rebaudioside C> RebaudiosideD四种[9]。甜叶菊糖苷在植物中叶片中约 
1 0 % ,其中甜菊苷占所有糖苷的60%-70%，其甜度为 10%蔗 糖 的 3 0 0倍；其次 
是莱包迪苷A , 占所有糖苷的 15% -20% ,甜 度 为 10%蔗糖的 4 5 0倍，且甜味最 
接近蔗糖，其他组分含量都较少[1()]。
至今的研究表明，甜菊中的甜味物质均属甙类。甙 （glycoside) 又成苷或配 
糖体、杂糖体、是糖或糖的衍生物与另一非糖化合物，通过糖的端基碳原子连接 
缩合而成的化合物。甙水解后生成糖和非糖两部分 , 其非糖部分成为甙元或配基、 
配 糖 基 （ag ly co n e),为四环二萜类物。甜菊糖苷核心结构通式为（C5H8) , 即贝 
壳 杉 烯 （ent-aurene)，在 C-19和 C-13位上分别连接不同数量的葡萄糖基以及鼠 
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名称  compound name R1 R2
1 甜菊醇 Steviol H H
2 甜菊单苷  Steviolmonoside H P-Glc
3 甜茶苷  A Rubucoside A p-Glc P-Glc
4 甜菊双苷  Steviobioside H p-Glc-p-Glc (2-1)
5 甜菊苷  Stevioside P-Glc P-Glc-P-Glc (2-1)
6 莱包迪苷  A(rebaudiosideA) P-Glc P-Glc (p-Glc (3-1 ))  -p-Glc (2-1)
7 莱包迪苷  B(rebaudioside B) H P-Glc (p-Glc (3 -1 ))  -p-Glc (2-1)
8 莱包迪苷  C(rebaudioside C) P-Glc P-Glc (p-Glc (3 -1 ))  -a-Glc (2-1)
9 莱包迪苷  D(rebaudioside D) P-Glc-P-Glc (2-1) P-Glc (p-Glc (3-1 ))  -p-Glc (2-1)
10 莱包迪苷  E(rebaudioside E) P-Glc-P-Glc (2-1) p-Glc-p-Glc (2-1)
11 莱包迪苷  F(rebaudioside F) p-Glc P-Glc (p-Glc (3 -1 ))  -p-Glc (2-1)
12 杜尔可苷  A(Dulcoside A ) p-Glc p-Glc-p-Glc (2-1)
图 1 - 2 甜菊醇和甜菊糖苷化学结构
Flg.1-2 Chemical structure  of steviol and  steviol glycosides
1 . 3 甜菊苷的性质和特点 [12】
1931年法国化学家 B rid d和 Lavieille第一次从甜叶菊中提取结晶的纯甜味 
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单残味存留的时间比蔗糖长，同其它甜味剂一样，甜菊苷随着浓度的增大，其甜 
度有所下降，且微带苦味，甜菊苷在冷饮中比同浓度的甜菊苷在热饮料中的甜度 




甜菊苷有较好的耐热性，在 95°C以下加热 2 小时时甜味不变；在 p H 值为 
2.5-3.5之间 , 甜菊苷浓度为 0.05%时，80M00°C加 热 1 小时，甜菊苷残存率为 
90%左右；在 p H 值 为 3.0-4 .0之间，其浓度为 0.013%时，室温保存六个月，其 
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传统，是一种较为安全的天然甜味剂 [17]。甜菊苷的安全性已得到国际FAO和 WHO 
等组织的认可 [3], 我国卫生部自 1985年 和 1990年分别批准甜叶菊糖苷为不限量 
使用的天然甜味剂和医药用甜味剂辅料[18]。
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